IMPORTANCE Multiple therapies are currently available for patients with neuroendocrine tumors (NETs), yet many therapies have not been compared head-to-head within randomized clinical trials (RCTs).
T he treatment of neuroendocrine tumors (NETs) is an interdisciplinary and dynamic field with many recent innovations from industry and academia. These successful treatments include the mechanistic target of rapamycin inhibitor everolimus, 1 the multitargeted receptor tyrosine kinase inhibitor sunitinib, 2 the vascular endothelial growth factor antibody bevacizumab, 3 the radiolabeled somatostatin analogue lutetium-177 ( 177 Lu)-dotatate, 4 and new combinations of previously established therapies. 5 Several of these new therapies have demonstrated efficacy in randomized clinical trials (RCTs); however, translation of these results into widespread improved patient care faces several challenges. First, a therapeutic reference standard for treatment of NETs is lacking, and several therapies were compared only with placebo. Second, direct comparison of the most pertinent therapies is incomplete, complicating clinical decision making in selecting one therapy over another. Third, even though innovative and effective combinations of existing therapies have been developed in academic settings, they are often associated with a lack of representation in clinical guidelines. 6 We believe this systematic review and network meta-analysis of RCTs will satisfy the need for compiling and evaluating the available evidence on the safety and efficacy of NET therapies.
Methods
The study was designed and conducted according to the Cochrane Handbook for Systematic Reviews of Interventions. 7 The report was prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses statement for systematic reviews 8, 9 and its extension for network meta-analyses. 10 
Literature Search
We aimed to identify all RCTs comparing therapeutic interventions in NETs. In collaboration with Cochrane Switzerland, we developed a sensitive search algorithm using MeSH terms and text words in combination with an RCT filter (eTable 1 in the Supplement). Using this algorithm, we searched PubMed, Embase, and the Cochrane Central Register of Controlled Trials for studies reported from January 1, 1947, until March 2, 2018. We did not impose language or date restrictions or any exclusion criteria. In addition, we manually searched the trial registries ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry Platform Search Portal (http://apps.who.int/trialsearch) for unpublished eligible trials. We then screened the abstracts from relevant meetings in 2017 and 2018, such as the annual conference of the American Society of Clinical Oncology, the North American Neuroendocrine Tumor Society (NANETS), and the European Neuroendocrine Tumor Society (ENETS), and searched the reference lists of included RCTs and relevant reviews. Key search terms included neuroendocrine tumors, gastrointestinal neoplasms, therapy, and randomized controlled trial.
Study Selection
For the qualitative analysis, we included RCTs comparing a therapeutic intervention with placebo or with an active therapeutic intervention in patients with NETs. For the quantitative analysis, we included all RCTs reporting disease control after 12 months and/or progression-free survival. Eight investigators (R.M.K., M.S., A.K., C.A.S., E.R.C., P.R., M.B., M.A.W.) working in duplicate independently screened titles and abstracts for potentially relevant studies. Five investigators (R.M.K., C.A.S., E.R.C., P.R., M.B.) working in duplicate and then independently screened the full-text report of all potentially relevant studies. Discordances were discussed with a third reviewer (M.A.W.) and resolved by consensus.
Outcomes and Data Extraction
Efficacy outcomes were disease control, progression-free survival, overall survival, and quality of life. Safety outcomes were nonserious and serious adverse events. If values for disease control rate were not available, we used the sum of the rates of complete response, partial response, and stable disease, or 100% minus the rate of disease progression. We extracted absolute values, hazard ratios (HRs), and 95% CIs for progressionfree survival and overall survival. We also extracted data on sex, age, tumor type, tumor grading, metastases, functional tumors, follow-up duration, follow-up completeness, sample size calculation, study size, and industry sponsorship. Three investigators (R.M.K., M.S., A.K.) working in duplicate independently extracted all data. Discordances were discussed with a third reviewer (M.A.W.) and resolved by consensus. We contacted the corresponding authors of included RCTs to request additional information if needed, and we assessed the inclusion of RCTs in the recent pertinent guidelines.
gastrointestinal NET (GI-NET). We applied a continuity correction for studies with a 0 cell count by adding 0.5 to all cell frequencies. We ranked therapies based on P scores, measuring the extent of certainty that a treatment is better than another, averaged over all competing therapies. 16 If applicable, we assessed heterogeneity by the betweenstudy-variance τ, 2 Cochran Q (weighted sum of squared differences between individual study effects and the pooled effect across studies), and I 2 (percentage of variation across studies due to heterogeneity rather than chance). If quantification of heterogeneity was not possible, we fitted fixedeffect models; otherwise, we used random-effects models. We assumed consistency for all networks but could not assess it completely owing to the low number of studies.
We quantified inconsistency by a net split analysis in which direct and indirect estimates were compared and a calculation of the between-design part of Cochran Q analysis. We summarized all results using forest plots with combined effect estimates (ie, odds ratios and HRs, 95% CIs, and size of boxes proportional to the inverse of the SEs).
Two RCTs 17, 18 in the network meta-analysis did not report HRs. Although the number of events did not match the Kaplan-Meier curves in 1 RCT, 17 all reported events could be identified in the Kaplan-Meier curves of the other RCT. 18 We contacted the author teams of these trials but did not obtain further data. Thus, we estimated HRs for both RCTs from reconstructed curves by using a Cox proportional hazards regression model and by disregarding the given number of events not matching the Kaplan-Meier curves. 17 Two-tailed P values <.05 were considered to indicate statistical significance.
Results

Study Selection
We screened 3671 titles and abstracts and 150 full-text articles and found 38 relevant publications reporting 30 primary RCTs and 8 subgroup analyses (eFigure 1 in the Supplement). One of these primary RCTs 19 and 5 of these subgroup analyses, [20] [21] [22] [23] [24] [25] with 1 reported in 2 studies, 23, 24 were available solely as conference abstracts. A total of 16 RCTs reported disease control and/or progression-free survival and were included in the network meta-analyses. Many of the RCTs were reported in more than 1 publication.
Study Characteristics
The 30 relevant RCTs were conducted in 41 countries on 5 continents and were published between 1980 and 2018. Eleven RCTs included mainly GI-NETs, 9 included mainly pNETs, 8 included GI-NETs and pNETs, and 2 did not specify the type. Overall, 3895 patients were recruited; 22 different therapies were evaluated, including biotherapies, chemotherapies, targeted drugs, locoregional therapies, surgical treatment, and targeted radiopeptide therapy. Most of the 16 RCTs in the network meta-analysis were industry sponsored, and most of the 2944 included patients with metastatic NETs. Further characteristics of included RCTs and patients are provided in eTables 2 and 3 in the Supplement. The characteristics of RCTs and subgroup-analyses not in the network meta-analysis are reported in eTable 4 in the Supplement, and the characteristics of their respective patients are reported in eTable 5 in the Supplement.
Risk of Bias
Among 30 RCTs and 8 subgroup analyses, 20 had low risk for bias in random sequence generation (selection bias, 53%), 20 had low risk for bias in allocation concealment (selection bias, 53%), 21 had low risk for bias in blinding participants and personnel (performance bias, 55%), 19 had low risk for bias in blinding the outcome assessment (detection bias, 50%), 32 had low risk for bias of incomplete outcome data (attrition bias, 84%), and 32 had low risk for bias of selective reporting (reporting bias, 84%) (eTable 6 in the Supplement). Overall, 26 publications (68%) were free of high risk for bias in all of the above-mentioned domains.
Treatment Efficacy in pNETs
Eight RCTs compared disease control rates for 8 different therapies in pNETs ( Figure 1A) . 2, 5, 17, [26] [27] [28] [29] [30] [31] [32] [33] The network metaanalysis found that single therapy with everolimus and combination therapies were highly effective. Specifically, everolimus (P score, 0.82), everolimus plus a somatostatin analogue (P score, 0.73), and interferon plus a somatostatin analogue (P score, 0.71) achieved the highest disease control rates, followed by single treatment with interferon (P score, 0.62), somatostatin analogues (P score, 0.54), sunitinib (P score, 0.39), placebo (P score, 0.13), and dactolisib (P score, 0.06). All therapies except interferon, sunitinib, and dactolisib showed significantly higher disease control rates than placebo ( Figure 1C ; eFigure 2 in the Supplement). In addition, 8 RCTs (one 3-arm trial) assessed progression-free survival for 9 different therapies in pNETs ( Figure 1B) . 2, 5, 17, [26] [27] [28] [29] [32] [33] [34] [35] The network meta-analysis found that combination therapies were highly effective, with HRs between 0.31 and 0.35 vs placebo. The lowest hazard for progression was found after treatment with interferon plus a somatostatin analogue (P score, 0.77), followed by everolimus plus a somatostatin analogue (P score, 0.72), everolimus (P score, 0.72), interferon (P score, 0.62), sunitinib (P score, 0.51), everolimus plus bevacizumab plus a somatostatin analogue (P score, 0.44), somatostatin analogues (P score, 0.37), dactolisib (P score, 0.33), and placebo (P score, 0.01). All therapies but dactolisib significantly reduced the hazard for progression compared with placebo ( Figure 1D ; eFigure 3 in the Supplement). The quality of evidence in pNETs was generally the highest for comparisons including everolimus. The detailed results of the quality assessment are displayed in eTables 7 and 8 in the Supplement.
Treatment Efficacy in GI-NETs
Ten RCTs assessed disease control rates for 9 different therapies in GI-NETs ( Figure 2A) . 1, 5, 17, 18, 26, 30, 31, [36] [37] [38] [39] [40] Again, the network meta-analysis found that combination therapies were highly effective. Bevacizumab plus a somatostatin analogue resulted in the highest disease control rate (P score, 0.93), followed by 177 Lu-dotatate plus a somatostatin analogue (P score,
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Therapeutic Options for Neuroendocrine Tumors 0.92), interferon plus a somatostatin analogue (P score, 0.66), everolimus plus a somatostatin analogue (P score, 0.53), interferon (P score, 0.52), somatostatin analogues (P score, 0.40), everolimus (P score, 0.39), placebo (P score, 0.12), and streptozocin plus fluorouracil (P score, 0.04). All therapies but interferon, everolimus, and streptozocin plus fluorouracil showed significantly higher disease control rates than placebo ( Figure 2C ; eFigure 4 in the Supplement). Eight RCTs assessed progression-free survival for 8 different therapies in GI-NETs ( Figure 2B ) and, again, the network meta-analysis found that combination therapies were highly effective, with HRs between 0.08 and 0.31 vs placebo. 1, 3, 5, 17, 18, 26, 31, 36, 37, 40 The lowest hazard for progression was found after treatment with 177 Lu-dotatate plus a somatostatin analogue (P score, 0.97), followed by bevacizumab plus a somatostatin analogue (P score, 0.68), interferon plus a somatostatin analogue (P score, 0.59), everolimus plus a somatostatin analogue (P score, 0.53), interferon (P score, 0.50), somatostatin analogues (P score, 0.38), everolimus (P score, 0.33), and placebo (P score, 0.02). All therapies but interferon and everolimus significantly reduced the hazard for progression compared with placebo ( Figure 2D ; eFigure 5 in the Supplement). The quality of evidence in GI-NETs was generally the highest for comparisons including somatostatin analogues. The detailed results of the quality assessment are displayed in eTables 9 and 10 in the Supplement.
Disease Control, Progression-Free Survival, and Overall Survival Twelve RCTs reported data on disease control and progressionfree survival, 1, 2, 5, 17, 18, [26] [27] [28] [29] 36, 37, 41 and both outcomes were generally positively associated (eFigure 6 in the Supplement). 
Discussion
This systematic review identified 30 RCTs that randomized 3895 patients to 22 different therapies. To our knowledge, this represents the most comprehensive overview of the available safety and efficacy data for NET therapies, and its main findings can be summarized as follows. First, the results suggest a superiority of combination therapies, especially of those including somatostatin analogues. In pNETs, somatostatin analogues plus interferon, everolimus, or everolimus plus bevacizumab were highly efficacious. The certainty of evidence for these therapies was variable and was the highest for somatostatin analogues plus everolimus. In GI-NETs, somatostatin analogues plus 177 Lu-dotatate, bevacizumab, interferon, or everolimus were highly efficacious. Also, the certainty of evidence for these therapies was variable and was highest for somatostatin analogues plus 177 Lu-dotatate. Second, the results suggest a range of monotherapies that are superior to placebo, including everolimus, interferon, and sunitinib in pNETs, and somatostatin analogues in pNETs and GI-NETs. Conversely, the results did not demonstrate efficacy superior to that of placebo for dactolisib in pNETs or for interferon or everolimus in GI-NETs. The highest quality of evidence was available for everolimus in pNETs, alone or in combination with somatostatin analogues.
Third, the results indicate that NET therapies have a broad range of risk for adverse events and effects on quality of life. Because systemic treatment is commonly noncurative for NETs, adverse events and quality of life are priorities. The results of this study may help to put the available safety data for NET therapies into perspective. The findings may guide treatment choice, initiate preventive measures, and result in increased patient surveillance. In addition, they demonstrate the need for more research in assessing adverse events and effects on quality of life for NET therapies.
Strengths and Limitations
This study has limitations. We conducted a comprehensive literature search with a sensitive search algorithm and an extensive manual search of reference lists and conference proceedings. We therefore consider it unlikely that we missed relevant RCTs. However, we could not obtain additional unpublished data and are aware that a substantial amount of information is not available to the public. Thus, we cannot rule out publication bias.
When using the available information for therapeutic decisions in treatment of NETs, we propose to consider the following points regarding indirectness, transitivity, risk of bias, inconsistency, incoherence, and imprecision. First, meta-analyses are based on the assumption of directness, in which populations, therapies, and outcomes of included studies are aligned with population, therapies, and outcomes targeted by the meta-analysis. Our meta-analysis targeted all available therapies and included only studies reporting disease control and/or progression-free survival. Both factors ensured a certain degree of directness. Yet, indirectness was introduced by RCTs including mixed populations of patients with pNETs and GI-NETs. We highlight all comparisons that were affected by indirectness (eTables 4-7 in the Supplement) to allow incorporation of this fact into clinical decision making.
Second, network meta-analyses are also based on the assumption of transitivity, in which the included studies are similar enough to build a network. In this study, the well-defined populations and outcomes resulted in a network with high overall transitivity. Yet, the different types of interferons 3, 17, 18, 30, 38, 39 and somatostatin analogues 3, 5, 17, 18, 26, 27, 30, 31, 36, 37, 39 introduced intransitivity for the loop of comparisons of interferon, somatostatin analogues, and their combination, but had no association with the certainty of evidence for the rest of the network. Third, some RCTs had a high risk of bias due to absent blinding, including the RCTs evaluating the 3 most efficacious therapies in GI-NETs: somatostatin analogues plus bevacizumab, 3, 18 plus 177 Lu-dotatate, 37 or plus interferon. 17 Absent blinding has been shown to be associated with an average exaggeration of estimated therapeutic effects of approximately 9%. 52 However, the therapeutic effect for the 3 aforementioned therapies compared with placebo substantially exceeds 9% and they most likely represent the superior therapies in GI-NETs, although the extent of superiority needs to be interpreted with caution. Fourth, consistency describes the agreement between estimates of different studies for a specific comparison, while coherence describes agreement between direct and indirect estimates for a specific comparison. Owing to the relatively low number of RCTs, the assessment of incoherence and inconsistency was limited. We identified 6 comparisons in which indirect and direct estimates differed considerably, without being statistically significant, and 2 cases of inconsistency. Two RCTs compared somatostatin analogues with placebo, 26,36 and 3
RCTs compared somatostatin analogues with somatostatin analogues plus interferon. 17, 30, 39 Likely owing to different types of somatostatin analogues and interferons, the RCTs found different effects regarding disease control and progression-free survival. Fifth, the low number of RCTs compared with the number of interventions induced imprecision to several comparisons, manifesting as wide 95% CIs that include or are close to a null effect. A statistically significant effect does not automatically represent a clinically relevant effect, and the consequence of imprecision is that wide 95% CIs might include significant but clinically irrelevant effects. As clinical relevance often depends on an individual patient's situation, we highlighted all comparisons that were affected by imprecision (eTables 4-7 in the Supplement) to allow incorporation of this fact into clinical decision making.
We used the GRADE system to assess the confidence in effect estimates for all comparisons, depending on indirectness, transitivity, risk of bias, inconsistency, incoherence, and imprecision. We incorporated the certainty of evidence in the main results of our analysis (eTables 4-7 in the Supplement) to highlight the most robust findings for further use in clinical judgment.
Sixth, we used the end points disease control and progression-free survival for all network analyses, instead of overall survival. Although overall survival is arguably the most relevant clinical end point, it is used less frequently because it requires a larger number of patients and longer follow-up. Use of overall survival also prevents crossover trial designs and might be confounded by the effect of salvage therapies used after disease progression. 53 In NETs, progression-free survival has been shown to be well correlated with overall survival, 54 and the RCTs included in the present study revealed the same correlation. Using disease control and progression-free survival instead of overall survival in this study allowed including more therapies into the network meta-analyses, which we believe represents the preferred approach.
Implications
Our results have implications for clinicians, guideline committees, and researchers. First, clinical decisions should be based on the best available evidence. The present results provide a comprehensive overview of the existing evidence on NET therapies as well as the best possible comparison of therapies that have not been directly compared in RCTs. Using this approach, the certainty of evidence is incorporated into the results to assist in decision making. Safety and efficacy results should both be incorporated into the treatment decision, while in addition the safety results may aid in the decision to establish preventive measures and increase the surveillance for known toxic effects. Furthermore, the results support the adaption of clinical guidelines. Although there is no requirement to incorporate all evidence from RCTs into clinical guidelines, this systematic review presents an overview of the existing evidence from which guideline makers can choose. For example, evidence from RCTs on alosetron, 55 Ludotatate plus a somatostatin analogue. Yet, the Scottish Neuroendocrine Tumour Group guidelines mention possible benefits of bevacizumab or everolimus plus a somatostatin analogue in pNET. 63 The present results may guide future research by highlighting necessary head-to-head comparisons and facilitating their trial design. 65 Specifically, dactolisib and everolimus plus bevacizumab plus a somatostatin analogue have only been compared with 1 other active therapy in pNET yet, while everolimus, everolimus plus a somatostatin analogue, bevacizumab plus a somatostatin analogue,
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Lu-dotatate plus a somatostatin analogue, and streptozocin plus fluorouracil have only been compared with 1 other active therapy in GI-NETs. Sunitinib and everolimus have been compared only with placebo in pNETs and GI-NETs respectively, and, to our knowledge, head-to-head comparisons with active therapies in RCTs have not yet been performed. When designing such head-to-head comparisons, the estimated associations from our network meta-analysis can help embarked on a systematic review and network metaanalysis of randomized clinical trials. Their goal was to compare disease control, progression-free survival, overall survival, toxic effects, and quality of life across trials, assigning a P score, which measures the extent of certainty that one treatment is superior to another, averaged over all competing therapies. In this analysis, the authors faced challenges that are more pertinent to the NET field than to most other cancers. First and foremost, NETs are clinically and biologically heterogeneous tumors. Some trials have evaluated midgut NETs, others have evaluated pancreatic NETs, and yet others have investigated gastroenteropancreatic NETs as a whole, with no clear breakdown of outcomes in specific subtypes. As a result, it is almost impossible to compare outcomes among different trials. Other complicating factors include use of different response criteria (eg, Response Evaluation Criteria in Solid Tumors vs World Health Organization) across different trials, heterogeneous radiographic analysis (local vs central review), as well as diverse baseline eligibility criteria (eg, progressive disease at baseline or not). Thus, we encounter situations in which median progression-free survival in the placebo arm of one trial is 6 months (PROMID study 4 : octreotide vs placebo) vs 18 months in the placebo arm of another (CLARINET study 5 :
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lanreotide vs placebo). Because transitivity is one of the main assumptions of network meta-analyses, as explained by Kaderli et al, 3 one may wonder whether this concept pertains to NET trials. Another problem is that the quality of the trials has varied significantly over time. Early trials of interferon were substantially underpowered and nonblinded. This limitation has complicated interpretation of subsequent trials, such as Southwest Oncology Group S0518, 6 in which interferon was a control arm. Was bevacizumab, which performed no better than interferon, an active drug in high-risk NETs or not? The answer depends on the extent to which interferon is considered an effective treatment. The question of combination vs sequential therapy cannot be addressed easily in this meta-analysis. Outcomes of combination treatment are often superior but fail to answer the fundamental question of whether treatments should be ad- This supplementary material has been provided by the authors to give readers additional information about their work.
eMethods. Detailed Methods*
We assessed the risk of bias for all included RCTs with the Cochrane Risk of Bias Tool 1 , which utilizes the following domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, completeness of outcome data, selectivity of reporting, and other bias, including baseline imbalance, protocol deviations, and inappropriate influence of funders. We judged each domain as low, high, or unclear risk of bias 1 . Three investigators (RMK, MS, AK) working in duplicate independently assessed all RCTs. Discordances were discussed with a third reviewer (MAW), and resolved by consensus.
We used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach to assess confidence in estimates of effect (quality of evidence) associated with specific comparisons, including estimates from direct, indirect, and final network meta-analysis 2, 3 . Our confidence assessment addressed risk of bias (limitations in study design and execution), inconsistency (heterogeneity of estimates of effects across trials), indirectness (differences in population, interventions, or outcomes to the target of the network meta-analysis) and imprecision (e.g. 95% confidence intervals are wide and include or are close to null effect). Limitations in any of these domains resulted in rating down the certainty of evidence from high to moderate, low, or very low certainty by -1 (serious concern) or -2 (very serious concern). Indirect evidence was based on the most dominant loops (i.e. the shortest path between two treatments) and potentially rated down for intransitivity (differences in study characteristics that may modify treatment effect in the direct comparisons along the path). The final network meta-analysis confidence rating was obtained from the higher of the direct and indirect rating excluding imprecision and was potentially rated down for imprecision and incoherence (difference between direct and indirect estimates).
eFigure 6. Ranking of Treatment Efficacies for Disease Control and Progression-Free Survival.
Plot of treatment efficacies in pancreatic neuroendocrine tumors (pNET, A) and gastrointestinal neuroendocrine tumors (GI-NET, B).
Data is expressed as P-scores, measuring the extent of certainty that one therapy is better than another, averaged over all competing therapies. Black nodes are combination therapies with somatostatin analogues (SSA). Due to a lack of P-scores for disease control and progression-free survival, everolimus plus bevacizumab plus somatostatin analogue in pNET and streptozocin plus 5FU in GI-NET are not depicted. Pancreas (100) Pancreas (100)
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